INTRODUCTION
The Drosophila species simulans and immigrans have wide geographical distributions, occupying primarily the mid to tropical latitudes. Dobzhansky (1965) has termed this distribution "quasi-cosmopolitan," pointing out that these species have been aided in extending their range by man. Although simulans and immigrans are primarily domestic species (occurring in or near human habitats), Dobzhansky notes that simulans can be found far from human dwellings as well.
Such is the case in Hawaii, where both species can be collected at various altitudes and seasons on the different islands. These species apparently rely on their ability to colonize local niches to survive independently of man, as evidenced by the finding that D. immigrans can occupy seven types of larval substrates unique to the Hawaiian Islands (Heed, 1968) , while D. simulans occupies at least two (Carson, 1965) .
A key question which arises here is what is the role of genetic variability in enabling these species to colonize apparently new habitats. An answer to this question requires first that the extent, type, and structure of genetic variability be described in simulans and immigrans. Several reports exist for the extent of genetic variability in D. simulans (O'Brien and MacIntyre, 1969; Berger, 1970; Kojima et al., t970) , and in this report we extend the observations on genic variability in the above U.S. continental populations of D. simulans to insular populations having some high degree of isolation. We also compare genic variability in Hawaiian vs. Asian populations of D. immigrans. Since both species are colonizers of the Hawaiian Islands, comparisons of genic variability are also made with endemic Drosophila species, some of which may be in direct competition for available resources with immigrans and simulans. with an aluminum foil cover to protect against rain. The flies were collected by sweeping over the buckets with a 30-cm insect collecting net and were transported on cornmeal or sugar media (Spieth, 1966) to the Department of Genetics, University of Hawaii, for genetic analysis. The samples were frozen at -28 C until electrophoresis could be performed. Live controls on the gels indicated no effect due to storage temperature on the banding patterns.
MATERIALS AND METHODS

Populations Studied
Samples of
Gel and Electrode Buffers
A 12% (w/v) gel of electrostarch (Otto Hiller) was employed using two buffer systems as follows: (A) gel buffer: 74 mM tris and 8 mM citric acid (monohydrate), pH 8.55; electrode buffer: 687 mM tris and 157 m~ citric acid (monohydrate), pH 8.15, diluted 1 : 1 (v/v) with distilled water for the cathodal tray and 2:3 (v/v) for the anodal tray. (B) gel buffer: same as above; electrode buffer: 300 mM boric acid and 60 m~ NaOH, pH adjusted to 8.55 (modified from Poulik, 1957) .
Enzyme Assays
Protein assays were modified after Ayala et al. (1972) or Selander et al. (1971 (see Courtwright, 1966; Fox, 1971; MacIntyre, 1968, 1969) . Allele designations are as in Ayala et al. (1972) .
Statistical comparisons were made between collections within species using a standard row×column X 2 test (Snedecor and Cochran, 1969) to determine if significant differences existed between collections with respect to phenotype frequencies.
RESULTS
Drosophila Simulans Variability
The allozyme variation found at seven loci in D. simulans is presented in Table I . Only two alleles, Acph °.08 (slow migrating) and Aeph 1.°°, are found at the acid phosphatase locus, although Kojima et al. (1970) report four alleles for this locus. A X 2 test for independence proved insignificant between all samples, and each population met Hardy-Weinberg expectations.
At the Pgm locus (Table I) , the TM population was not in HardyWeinberg equilibrium. There is an apparent deficiency of 1.00/1.02 heterozygotes and an excess of 1.00/1.00 homozygotes. This did not affect the test for independence between populations, however, and within-Hawaii and between-island comparisons did not differ in phenotype frequencies. Although we found three alleles, Kojima et aI. (1970) report only two in their study.
At the Est-6 locus (Table I) , we find two alleles compared to four found by Kojima et al. (1970) . The two fast-migrating allozymes appear to be missing in the Hawaiian samples if we assume that the allele with the highest frequency is the same in continental and island species. The same phenomenon exists for the Acph locus. Verification of allele homologies of the geographic types is needed to confirm this assumption. In the KP population we found a significant (12.8~) excess of homozygotes for the slow-migrating Est-6 °'98 allozyme. The excess of this phenotype also results in a significant test for independence (Z z = 17.91, P<0.02) for the pooled Hawaii samples. The Oahu sample also differs from the Hawaii samples, with the exception of the KP sample, which it closely resembles with respect to the frequency of the Est_6 o.os homozygote (X 2 = 27.42, P < 0.01).
For the Aldox locus (Table I) , we observe three alleles. The Oahu sample appears to deviate from Hardy-Weinberg equilibrium, having an excess of both the 1.02/1.04 heterozygotes and 1.02/1.02 homozygotes. Again this contributes to a significant test for independence between phenotype frequencies in the Oahu and Hawaii samples (7~ 2 = 20.70, P<0.005).
Low levels of variability were also observed at the Me, Adh-1, and ~-Gpdh loci ( Table I ). Only that for the e-Gpdh locus has any significance since sample sizes are sufficient to indicate that allele 0.97 occurs on Oahu and not on Hawaii, the locus thus being polymorphic on Oahu. Kojima et al. (1970) found no variation of the ~-Gpdh and Me loci but did observe four allozymes for the Adh locus, of which the fastest migrating predominated. Table II lists the proportions of individuals heterozygous at seven loci in each of the six populations of D. simulans. The deficiency of heterozygotes and excess of homozygotes for the most common allele lead to a depressed heterozygosity estimate for the TM population at the Pgm locus. Similar observations occur for the Est-6 locus in the KP population and for the Aldox locus in the PT population.
Drosophila immigrans Variability
Gene data for D. immigrans are presented in Table III . No significant heterogeneity in allele frequencies or phenotype frequencies is found among the Hawaii samples. All the Hawaii populations appear to be in Hardy-Weinberg equilibrium. The Korean population of D. immigrans is remarkably similar to the Hawaiian populations in allele frequencies. Although sample sizes are not particularly large, they indicate that the populations are similar in allelic content as well. Table III also displays the estimates of genetic variability for populations of D. immigrans. The estimates are similar in all populations, although some differences are reflected in estimates of population heterozygosity (H).
In Table IV , comparisons are made between the amounts of enzyme variability in the endemic vs. the colonizing species in Hawaii. D. simulans and D. immigrans appear to have amounts of variability equivalent to that found in the endemic species.
DISCUSSION
The genetic analyses for the simulans and immigrans samples reveal no distinct trends in Hawaiian populations. Generally, the simulans populations are genetically similar, and only three exceptions to Hardy-Weinberg equilibrium are noted. Because sample sizes are not overly large, these exceptions may be due to a lack of random sampling as evidenced by the fact that they occur at different loci in different populations. Hawaiian populations of D. immigrans are also genetically similar.
When we compare the continental U.S. (Texas) populations of simulans (Kojima et al., 1970) with our Hawaii samples, two differences are noted. First, at the Pgm, ~-Gpdh, and Me loci we find more alleles than are present in the Texas sample, even though the Texas sample is larger. These different alleles may have arisen by mutational events in Hawaii, suggesting that they may be unique to this archipelago, a fact which should be easy to confirm. Or these alleles may have been introduced from other areas of the world, which raises the question of whether they are being maintained in Hawaii by some selective differences not found in Texas, assuming that Texas populations are equally susceptible to receiving such alleles.
In addition, our data suggest that Hawaiian populations of D. simuIans are about half as variable genetically as Texas populations (Kojima et al., 1970) . Although this difference is not statistically significant (see a pertinent discussion in Lewontin, 1974, p. 118) , it is expected. D. simulans and D. immigrans have been introduced into the Hawaiian archipelago only in the last two millennia, possibly arriving with the first Polynesians. Both species must surely have undergone an initial founding effect and experienced periods of low population density before effectively colonizing the various islands. In addition, these species would have to compete directly with an extensive endemic Hawaiian drosophilid fauna which is widespread and occupies many of the available ecological niches. In fact, Heed (1968) and Carson (1965) point out specific instances where competition for breeding sites occurs. The factors of founding effect, inbreeding, genetic drift, and competition all suggest we should expect low genetic variation in D. simulans and D. immigrans. Comparison of the extent of variability in the colonizing species vs. several endemic species reveals that simulans and irnrnigrans are low to intermediate in variability (Table IV) . In Kipuka Puaulu, the colonizing species are sympatric with the two endemic species D. mimica and D. engyochracea. D. engyochracea has levels of variability very close to those of the two colonizing species, while D. mimica has levels somewhat higher. One of the endemic breeding sites invaded by D. imrnigrans is the fruit of the soapberry, Sapindus, where it competes directly with D. mimica and another Hawaiian Drosophila, D. kambysellisi. This fruit has unusually high concentrations of saponin, a compound reported to have been used as a fish toxin by the early Polynesians (Tabrah and Eveleth, 1966) . Thus imrnigrans must undergo biochemical as well as competitive adaptation in utilizing this niche. Paik and Sung (1972) have found that inversion frequencies in the second chromosome of D. immigrans differ greatly between Kipuka Puaulu and other collection points on Hawaii, suggesting that adaptation is indeed taking place.
We cannot conclude that D. immigrans and D. sirnulans are using their variability to more effectively invade and adapt to the Hawaiian niches. However, the fact that they occur at all indicates their success. We demonstrate that they are as variable as endemic types, which implies either that a long time has occurred after founding or that a large founding event or many founding events have occurred. In addition, their insular environment is not without some heterogeneity, especially at microenvironmental levels, and both species must experience some competition with endemic species. Certainly genetic variability must play a role in the adaptive processes these species have undergone.
The effect of immigrans' and simulans' colonization on the endemic Drosophila fauna is difficult to assay. We have no evidence as to what the consequence of the colonization event may have been during the actual act of invasion. It is likely that genetic readjustment between colonizing and endemic species would occur immediately following the event. It is during this period that extinction of endemic species, if it occurs at all, is likely to happen.
The cosmopolitan nature of both species is such that continual reintroduction may be expected; such reintroduction implies that the Hawaiian populations of D. simulans and D. irnrnigrans must not only be able to accommodate this new source of genetic material but also be able to utilize it. If the direction of gene flow is one way, any barriers which arise will not be between incoming migrants and the existing Hawaiian populations. This suggests that continual enrichment of an insular gene pool will result on a rare but perpetual basis. Such renewal can serve a long-term evolutionary purpose as an additional source of genetic variation over and above that of mutation. Such links to exotic populations would prevent the factors from arising which Carson (1968) hypothesizes to occur if speciation is to take place. This may act to give a colonizing species an advantage over endemic life forms in its adopted ecosystem.
